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ni>['K:Aj. DISK Ai\I) OI'TICAI. DISK DUI Vf-: DI-.'V ICM- 

MACKcweouM) 01- rill-: \ nv\-:ni' \ on 

The i:>!'csent. irivenl:ic;n relates to an cpuical disk 
permitting' reading- and writing- of data while beings rotated 
at a constant ang-ular velocity, and more particularly to an 
optical disk having- a recording- surface divided into a 
plurality of zones, with clocks of higher frequencies being 
used for the access to the more outward zones so that the 
recording linear density is substantially identical between 
the outer and inner zones. 

The present invention also relates to an optical disk 
which contains different types of recording- media for the 
respective zones, and in which the types of the respective 
zones can be altered during- use of the disk. 

The present invention also relates to an optical disk 
drive device used for writing: in and reading: from the above- 
mentioned optical disks. 

KnD>vn optical disks of the type having- a storage 
capacity of 1 GB on each surface have a format proposed in 
ECMA/TC31/9 2/36 . According to this proposal, the recording 
surface of the optical disk is divided into a plurality of 
zones equally, i.e., such that the numbers of the physical 
(irricks in tho r cspe.cA.i ve zones ciro suhs tan t i a I I y criual . 'Vhc 
number of x.onos dcjJOiuJs on Lho size: of the sector. iV each 
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sector <:(;risisLs of 5 1k: bytes, the fiurnbGr of tho zones Is f)-!. 
Jf ecicli scictor coiisi-sts of 1024 bytes, the? mjinbcr- o /' 
zones i s 30 . 

llach physical track has an intcgrer number of* sectors. 
The number of sectors in each track is constant throug-hout 
each zone. The number of sectors in each track is larger in 
more outward zones. 

The optical disks that are available are either those 
of the R/W (read/write or rewritable) type which permit 
writing- and rewriting as desired, and those of the WO 
(write-once) type which permit writing only once after 
fabrication, and those of 0-ROM (embossed) type in which 
data is written at the time of fabrication, by embossing, 
and which do not permit writing after fabrication. 

The number of sectors in each physical track differs 
from one zone to another, as described above. A complex 
algorithm Is needed for indexing the physical location of 
the target .sector when for Instance the optical disk is used 
as a SCSI device, and is supplied with linear (consecutive- 
integer-numbered) logical addresses. Moreover, the data 
field in each sector in an innermost physical track of a 
certain zone and the header field in each sector .in an 
outermost physical track of another zone next to and inside 
of the f i rs t-ment ioned zone may be adjacent to each other, 
with the result tlial. tlic crosstalk from iA\r. h<:rxclcr fioid may 
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doi^-radc? the cuJaliLy of L.ho data read from th<; tiata field. 
'I'h i s is bcicaijso Ihc: i ii f o rrna t 1 on in t.lio lioador field is 
wriLtet) in the; form of pit ( emi)Ossinon L ) <ind ^las a K-i-ecitor 
deg^ree of modulation, causing- a g^reater crosstalk, while the 
information in the data field is mag-ne to-op t i ca 1 13' written 
and has a smaller degree of modulation. In this connection, 
it is noted that within each zone, header fields in all the 
tracks are radially aligned and data fields in all the 
tracks are radially aligned, so that a header field and a 
data field will not be adjacent to each other. 

It is also desired that recording" areas of the R/W 
type, ot the WO type and of the 0-ROM type be co-existine in 
a slng-le disk to expand the application of the disks. In 
the past, optical disks of the P-ROM type, in which the 
recording areas of the R/W type and the recording areas of 
the 0-ROM type are coexlstingr, were available. Bur, no 
other combination of recordiner areas have been known, 

SUMMARY -OF THE INVENTION 

An object of the invention is to provide an optical 
disk which enables quick indexing- of the physical location 
of the target sector responsive to a given address. 

Another object of the invention is to provide an 
optical disk pe rrni. L t i ri(^ mixed presence of record intr areas of 
different types. 
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A Cur'Lhor c^bJccL of. Lhc^ Inveni. i<;n is to (provide ;wi 
or^Li.caJ <iisk cJrivc fJcvicrc! used for siicli ofJticral disks. 

Accordiru^ lo a first, aspect, of Lho invention. thcM-f? is 
provided an optical disk comprising a recording? rej^ion. 
physical cracks in said recording- reg-ion each corresponding 
to one revolution, said recording reg-ion being divided into 
a plurality of zones by one or more circular boundary lines 
centered on the center of the disk, each zone comprising- a 
plurality of physical tracks adjacent to each other, wherein 
an integer number of sectors are provided in each physical 
track, the angular recordings density is hig-her in the more 
outward zones such that the linear recording' density is 
substantially constant throug-hout the recording reg^ion, and 
log'lcal 1:racks are formed of a predetermined number of 
sectors, independent: of the physical tracks- 

With the above arrangrement . each logrical track is 
formed of sectors, independent of the physical tracks, and 
the number ot the sectors in each loi^ical track is constant 
throusrhout the recording* regrion, regardless of the radial 
position of the sector within the recording reg-ion. so that 
the conversion between the logical track and sector 
addresses read from the disk, at the sectors being accessed 
by the read/write head, and the linear logical addresses 
( ono-dlmens ional addresses, or addresses represented by 
corjsocutive integers) supplied from a host device is easy. 
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and Lh<! r ou i n aruJ dcMCcl inanag'eiiKMi L arc c;as> . 

'I'll (I acJflrosses wriLLon in hciadcM's of Lixo sc:c: tor's in Uhc 
lojcical Lracrk in which data arc; acLuaJJy rciCordcMl. includinj^ 
substitute sectors usecJ in place of defect sectors, arc 
preferably consecutive to further facilitate tlie conversion 
between the logical track and sector addresses read from the 
disk and the linear logical addresses supplied from the host 
device - 

The difference obtained by subtracting the number of 
the logical tracks corresponding to each zone from the 
number of the logical tracks corresponding to another zone 
adjacent to and radially outside of said each zone is 
preferably constant. 

With this arrangement, the address management of the 
disk Is facilitated, and the number of the logical tracks in 
the zone in question can be determined through simple 
calculation on integers, without referring to a table for 
address conversion, and the determination of the target 
sector during seek operation can be made with ease. 

The number of the physical tracks of zones adjacent to 
each other are preferably made equal by providing sectors in 
which data is not recorded. 

With this arrangement, the calculation for determining 
the number of tracks to be traversed for accessln^c the 
target track is easy, and the management of the physica-1 



I (xra t i on is r.n sy . 

AcJcJrcsscis o( the sectors in the trcicks in which data Is 
not rccordcMl ruay bcr ass i juried Independently of* the? iiddrossc*s 
or the sectors in the tracks In which data is recorded. 
Similarly, addresses of the sectors in the test track in 
each zone are assig-ned independently of the addresses of the 
sectors in the tracks in which data is recorded. With this 
arrang-emen t , manag-ement of the tracks in which data is not 
recorded and the test tracks is facilitated. The logical 
track and sector addresses are of consecutive values, so 
that the address management of the recorded data is 
facilitated. Access management of the test tracks is also 
facilitated. 

The difference obtained by subtracting the number of 
sectors in each zone in which data is not recorded from the 
number of sectors in another zone adjacent to and outside of 
said each zone and in which data Is not recorded is 
preferably constant . 

With this arrangement, the number of the sectors In 
each zone in which data is not recorded can be determined 
through simple calculation on Integers, without referring to 
a table, and the address management of the disk is easy. 

Data may not be recorded in the outermost and innermost 
physical tracks in each zone. This arrangement a\oids 
crosstalk at the boundary between zones. That is. the - 



header I icMcls arc noL ricccssarlJy aJ leaned rcidially betwc^cMi 
differeriL zones, and Lhe header fields and the data fields 
of Lracks cidjaeenL to each other and be l.ong"i r^fj; to diffcreni 
zones may be adjaceriL to each other. However. b3' the above 
arrang-ernen t in which the outermost and innermost physical 
tracks are not used for recording- data, the tracks in which 
data is recorded is separated from the tracks of a different 
zone, by at least one track In the same zone and in which 
data is not recorded, so that the crosstalk is substantially 
eliminated. Degradation in the quality of data or disorder 
in tracking- can therefore be prevented, and the more 
reliable data recording- is achieved. 

At least one of said physical data in each zone may be 
a test track used for adjustment of recording- power. With 
this arrangement, the recordlngr power can be adjusted for 
each zone, and the reliability of the recording can be 
further Improved. 

Defect manacrement may be effected for each zone. With 
this arrangement • even where a defective track is found, it 
can be substituted for by a track within the same zone, and 
it is not necessary to switch the clock frequency while 
accessing the substitute track. As a result, address 
management for controlling the hardware depending on the 
actual physical location (where the read/write head is 
accessing), e.g., for switching the clock frequency, and 
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(Jcrec:U inaf la KCMiuiri L can hr; achicivod in coinmc^ii . so Lliau Liu: 
add rcss jiianrij;cMncui I. is achieved vvJLii a h i ^^h speed. 

hJacrli loj^ical Lrack may bo conM)oscd of 2** scTc.iors. with 
n bein{j an integ-er. With this ar rang^ernen I: . the addresses of 
the sectors are represented by consecutive integ-ers. i.e.. 
they are on e - d imen s iona 1 , so that the calculation of the 
addresses of the sectors is easy. 

An address of each sector may be written 2^ times, and 
an ID may be added to the address at each occurrence to 
indicate the order of the occurrence. With this 
arrang-emen t , the addresses each formed of the track address, 
the sector address and the ID. are linear, or are 
represented by consecutive integers. Accor ding-ly , the 
formatter used for formatting such a disk can be formed of a 
counter. Moreover, the sector addresses can be determined 
by counting: up 2"* times. The conf Igruratlon of the formatter 
is therefore simple. 

An address for each sector may comprise a track address 
and a sector address, or a track address, a sector address 
and an ID. which are arrang-ed In the stated order from the 
side of the MSB. The linear address Is Incremented by one 
with Increase of the sector number. The formatter is 
therefore formed of a simple up-counter. 

A predetermined number of bits from the head of tiie 
address for each sector represents a virtUciL ioffical track. 
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Sinc:(! Lh(^ \ ir*I,ual track acJcifcss Is always I. h p r c ci cm, cM-ni i n (m1 
rujrnbcM- of b i t.s , ihci c:ornf)a L i t) i 1 I l.y \vit:h l.lu! c:on vcmM. i on 
opUicral disk (Jrivc! (Jciviccis is improvcMl. lor insiancro. 
accorcJiriK" to Lhie conventional optical disk standard, thie PEP 
reg"ion (phase encoding- part where the physical properties of 
the disk or the conditions under which the writing- is to be 
performed are written) has a reg-ion for track addresses of 
only 16 bits. To be compatible with such a standard. 16 
bits from the MSB are taken as the virtual track address. 

It may be so arranged that an attribute, which is 
either an attribute indicating" a rewritable area, a write- 
once area or a read-only area, can be independently set for 
each zone. It is then possible to place different types of 
areas In a single disk, in various combinations, and disk 
which best suits to the Intended applications can be 
•obtained. 

A difference obtained by subtracting the number of 
parity tracks of each zone from the number of parity tracks 
of another zone adjacent to and outside of said each zone is 
preferably constant. Then. It is possible to determine the 
number of the parity tracks in each zone without referring 
to a table . 

Where a rewritable area and a write-once area are both 
provided In a single disk. It is preferable that a 
rewritable area is provided outside of a writo-once area. 



This iriiprc^vc:s Lh(; overall pcrfonnancc of Llic* d i s 1^ , This is 
because: Uhc r C! w r i L a h I <; area is more: frequenLJ\ acecsscd Llian 
the* wr i Le - orj <:c: area, and LJkj data transfer is rate? is hij^hor- 
in Uhe more outward zones. 

According- Co anothier aspect of the invention, thero is 
provided an optical disk drive device for use in combination 
with an optical disk comprising a recording region, physical 
tracks in said recording region each corresponding to one 
revolution, said recording reg^ion being divided into a 
plurality ox zones by one or more circular boundary lines 
centered on the center of the disk, each zone comprising a 
plurality of tracks adjacent to each other, wherein an 
integer number of sectors are provided in each physical 
track, the angular recording density is higher in the more 
outward zones such that the linear recording density is 
substantially constant throughout the recording regrion, and 
logical tracks are formed of a predetermined number of 
sectors, independent of the physical tracks, said optical 
disk drive device determining the logical track address and 
the sector address responsive to a linear logrical address by 
determining the integral quotient and the remainder by 
dividing the linear logical by the number of the sectors per 
logical track. 

With the cibovc arrangement, conversion from the linear 
logical address supplied from the host device into the 
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l<>^ic:al Ltack and sailor addresses c:an bo achicvcul ilirou^h 
simple craleulation on intcj^ers and wiUliout r o Co r r* i iij^ l:o a 
table, so that Uhci con f i i^u ra 1: 1 on of Lhe drive dc^vicc? or Lho 
software for implementing? the conversion may be simple. 

According- to another aspect of the invention, there is 
provided an optical disk drive device for use in combination 
with an optical disk comprising- a recording- region, physical 
tracks in said recording region, each correspondi ngr to one 
revolution, said recording region being divided into a 
plurality of zones by one or more circular boundary lines 
centered on the center of the disk, each zone comprising a 
plurality of tracks adjacent to each other, wherein an 
integer number of sectors are provided in each physical 
track, the ang-ular recording density is higher in the more 
outward zones such that the linear recording- density is 
substantially constant throughout the recording region, and 
logical tracks are formed of a predetermined number of 
s ctors, independent of the physical tracks, wherein a 
difference obtained by subtracting* the number of the logrical 
tracks corresponding to each zone from the number of the 
log-ical tracks corresponding^ another zone adjacent toi^and 
radially outside of said each zone is of a constant value, 
said optical disk drive device determining the zone 
contalninfT ttic tcirgct sector on the basis of a product of 
said constant Vc\liic and ilio number of tho zones. 

1 1 



Willi I hc! above a r ra n oino n t . l.hc y.oixr. c:an d c i. c: r m i (i c d 

l.tii-f)U|Ch sinii)lf? c:a I c;u I a I. i on on InLoffCrs and wiLhoul. r c ((m* r i n 
to a tahlc. so lhal. Ijx? conf i sural Ion of Ihc dovico or i:Ik? 

software for implementing the deteriuina t ion of the y.orte may 

be s imp 1 e . 

According" to another aspect of the invention, there is 
provided an optical disk drive device for use in combination 
with an opxical disk comprising a recording* reg-ion, physical 
tracks in said recording region each corresponding to one 
revolution, said recording region being divided inro a 
plurality of zones by one or more circular boundary lines 
centered on the center of the disk, each zone comprising a 
plurality of tracks adjacent to each other, wherein an 
integer number of sectors are provided in each physical 
track, the angular recording density is higher in the more 
outward zones such that the linear recording density is 
substantially constant throughout the recording region, and 
logical tracks are formed of a predetermined niimber of 
sectors,- Independent of the physical tracks, said optical 
disk further comprising a table for recording attributes of 
the respective zones, said attributes indicating whether 
each zone is designated as a rewritable area, a write-once 
area or a read-only area, said table being formed in at 
least one ti-ack or in at Least one sector, said optical disk 
device comprising n means for altering the attributes of tho 
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WitJi Lh(! at)C)V(' ;i r r /i n iCfMiicM 1 1. . it is possible i.cj a I Icm* I.Ik* 
rc^vvr" i l.al) I c: :\r<:^x l(y a v/r i orjccr Sucrh (unc: i Ion is 

desired where the disk or f)arL of Lhe disk is used for 
storinj^ data that shouJcl not be altered without specific 
permission. It is also possible to alter write-once area to 
a rewritable area. 

According- to another aspect of the invention, there is 
provided an optical disk drive device for use in combination 
with an optical disk comprising a recording region, physical 
tracks in said recording region each corresponding to one 
revolution, said recording region being divided into a 
plurality of zones by one or more circular boundary lines 
centered on the center of the disk, each zone comprising a 
plurality of tralcks adjacent to each other, wherein an 
Integer number of sectors are provided in each physical 
track, the angular recording density is higher in the more 
outward zones such that the linear recording density is 
substantially constant throughout the recording region, and 
logical tracks are formed of a predetermined number of 
sectors, independent of the physical tracks, said optical 
disk comprising a first part of the recording region 
designated as a rewritable area and a second part of the 
recording region dcsifrn/ited as a write-once area, said 
optical disk device comprising a moans for permitting access 



<)l on I > f • ' :\^ i- j t.;i [; I <• L<> a host (Urvi<:r. iind incians for 

alUtrrinj'. .jm .h. I. r i I j u L f r of said scicoiicl |)ari. from the; wriLc;- 
oncc area i I. In: r <: v/i" i I. ,j l> J (! area and copyiru; the? (]al,a \ i\ 
said f i r s I. pari Lo sa i (J second pari while said host device 
is not ac:(: CSS i njc U^lc optical disk. 

Withi tlie above ar rang'emen t , tlie host device needs only 
Uo provided a sing-le command, e . g- . . a back-up command. 
Then, the drive device executes the back-up command by 
copying the data from one part of the disk to another. In 
the execution of the command, the attributes of zhe zones 
ma3' be altered before and after copying- the data. Moreover, 
the back-up is achieved within a single disk, so that it is 
not necessar3' to back-up the data using- another disk. 

The optical disk drive device may further comprise 
means for copying the data in the second part to said first 
part: while said host device is not accessing the optical 
disk. The host device needs only to provide a single 
command, e.g., a restore command. Then, the drive device 
execute;5 the restore command by copying back the data from a 
write once area to a rewritable area. 

The optical disk may have recording regions on first 
and second surfaces opposite to each other. In such a case, 
it may be desired if the rewritable areix is formed on one of 
\.hc. surfanv-^ aiul i he wrLto-oncc arc;a is roriiiod ori the other 
surface. l iuMi . ovon when the data on one of the surfaces Is 
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iiKJ i-:i-' f)i;:sc:u J rioN oi- thii drawings 

Fig^. 1 is a perspective view showing: the structure of 
an optical disk according- to the invention. 

Fig". 2 is a plan view showing- the structure of the 
optical disk of Fig, 1. 

Fi&. 3 is a perspective view showing, partially in 
section, guide grooves and land parts. 

Fig. 4 is a diagram showing" the tracks near the 
boundary of zones. 

Fig. 5 is a table showing^ the format of the disk of 
Embodiment 1. 

FLg. 6 is a partial plan view showing^ the placement of 
the euard and test tracks. 

Flgr, 7 Is a table showing: the format of the disk of 
Embodiment 2 . 

Fig. 8 is a table showing: the format of the disk of 
Embodiment 3. 

Fig:. 9 is a table showing: an example of the format of 
the disk of Embodiment 3. 

Fig^. 10 is a table showing: another example the format 
of the disk of Irirnbod i men l 4. 

Fitr. 11 is a diaffr'ain showing the format oT the header 



field in I- fii l)(;f J i riic r 1 1. r> . 

i ' i K . ] 'Z is a tahlc showinf;^ llu: roriiial. ol i.hc disk oi 
lurihod j m<Mi i 5 . 

Fi(^. 13 is a tabic showing" the forma L of the? disk of 
tmbod irnen l 6 . 

Fig-. 14 is a diagram showing the formal: of uhe header 
field in Embodiment 6. 

Figr. 15 is a diagram showing the optical disk drive 
device and the host device. 

Fig". 16 is a flow chart showing the procedure of the 
operation of the drive device during" access of a targ-et- 
sector in the optical disk. 

Fig-, 17 is a functional block diagram showing the 
optical disk drive device having- a function of powder 
adjustment. 

FiiT, 18 is a flow chart showing the procedure for the 
power adjustment. 

Fig. 19 is a table showing the format of the disk ot 
Embodiment 9. 

Fig:. 20 Is a table showing part of the disk structure 
manag'ement table. 

Fig^. 21 is a diagrram showing^ allocation of . the parts of 
the disk to rhe respective types of recording regions 
accord inj; to bjubodimcru 9. 

I-iu". 2li is a dicijvrani s^lOwi^g a I U><:a l, 1 on of iJjc p^ij-l.s of 



Lhc! (lisl< { I) \.\\'- r-(:s|><:(: 1. i v(» l.y|)(!s of r ceo r (I i n i; rcrj^ioiis 
ac:c:()rcJ i fifC Lc> I-jhImmJ i iikmi l. i (; . 

!•* i K . is .1 (J i (cidi sIk^wIiij; a I I occi U i <;i. of Lhc! parl.s of 

the disk Lo Lhc! rcispccLivc! types ol* record iru^ ref?ioris 
accordinjf uo limbodimenL 11. 

Fie- 24 is a diag-ram showing- tlie optical disk drive 
device, and its function of altering the attributes of the 
zones for producing^ a disk equivalent to a P^ROM disk. 

Fig-. 25 is a diagram showing the optical disk drive 
device, and its function of altering- the attributes of some 
only of the rewritable zones to "write-once". 

Fig. 26 is a diagram showing the optical disk drive 
device, and its function of altering the attributes of the 
zones during execution of a back-up command. 

Figr, 27 is a flow chart showing the procedure of the 
operation of the optical disk drive device for executing the 
back-up command . 

Fig. 28 is a diagram showing the optical disk drive 
device,- and its function of altering the attributes of the 
zones on one surface of the disk during execution of a back- 
up command . 

Fig. 29 is a diagram showing the optical disk drive 
device, and its function for restoring data from the write- 
OMCO area to the rewritable area. 

l-'ig. 30 is a flow clwirt sljowing the procedure of the 
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t ) p (M'a I. j < M I <>l l.lic <Ji)\.i<:,i\ flisk (iri\*^' th^vict* for- <'.\c<:ul \ 
r c s \.() /■ c <: omnia 1 1 (i . 

DKi Aiijj) i;i:scin P'j I (JN oj- 1111% i-'Kiii-'iLKUiii; i::MiiOD j.mi::.\ i s 
[£mbodimenL 1 

A first embodiment. Embodiment 1, will now be described 
with reference to Fi&s. 1 to 5. Figs. 1 and 2 show the 
structure of an optical disk of Embodiment 1. A spiral 
g-uide g-roove is formed on an optical disk 2. A light spot 3 
is formed b^' focusing a light beam from a light source, not 
shown, onto a land part 12 between adjacent parts of the 
guide groove. Each header field 4 comprises a sector 
address field 5 and a track address field 6, The header 
fields 4 are in the form of pits in the land parts 12 formed 
by embossment or stamping: when the disk is fabricated. That 
Is. the header fields 4 are Preformatted. The data fields 7 
are written magneto-optlcally . The Information In the form 
of pits in the header fields 4 and the information magneto- 
optically recorded in the data fields 7 are read by means of 
the same lig:ht beam. Each sector 8 comprises a header field 
4 and a data field 7. 

Each of the physical tracks 9 corresponds to one 
rcvolutior. of the optical disk 2. Ivach physical track 0 is 
composed of an intou'cr nuinbcjr of sectors; A p 1 u r a 1 i ty . o f' 
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I>hysic:;il l. facrks a ( J J .i c (! r » L l<; each oLIicr Vartu i\ xontr M)n . 101) 
or ].0c:. lha I. is. Iho r ci c o r ci i n reg'ion (usor y.ni\c ) wiLlM'n 
Lhcr rccordiru; sxn'Vnca of the opLlcal disk 2 is diviciod \t\\,o 
a f>iuraJiLy of zones by concentric boundary circular lines 
centered on the center of the disk. Each of the physical 
tracks in the recording- region belong-s to one of the zones. 
In the illustrated example, the recording* region is divided 
into 31 zones (from zone No. 0 to zone No, 30). The 
outermost zone No. 0 and the innermost zone No. 30 each 
comprise 741 physical tracks, while other zones each 
comprise 740 physical tracks. The outermost zone No. 0 has 
the g'reatest number of sectors, and the more inward zones 
have a smaller number of sectors. The difference of the 
number of sectors between the adjacent zones is at least 
••one'\ and is "one" in the illustrated example, 

In use, the disk is rotated at a constant angrular 
velocity' regrardless of which of the zones the read/write 
head is accesslner- 

The frequency of the clocks used for recording: data In 
the respective zone is varied or switched so that it is 
hierher in the more outward zones, so that the linear 
recording: density is substantially constant througrhout the 
recording" region (user zone) of the disk. 

Huriiij*: I'oadinu". tl^o frequency of l:hc clocks is also 
switchccl whon i,hc rcad/wrlLo head is moved from one zorte l:o 

in 
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cincj Liu; r* y,<.>nc. . 

*!'h(: ifWK^rmosl. I.r'acks lib and IIh? c^u L CM'tnc; s i. irack lie in 
Llici /.oncjs 10b ancJ lOc: have tiie Ir hcadcir [' i c I d 'I - 1 ancJ data 
field 7-2 adjacent to each other, and have their header 
fields 4-2 and data field 7-1 adjacent to each other. 

The logical track structure shown in Fig-. 5 is arranged 
in the physical structure described above. Fig. 5 shows an 
example in which each sector consists of 1024 bytes. Each 
logical track is composed of 17 sectors. The marks at the 
top parts of the respective columns in the table of Fig. 5 
have the f ollowing meanings : 

ZN : zone number 

S/R: the number of sectors per revolution (physical track) 

PT/Z: the number of physical tracks in the zone 

S/Z: the number of sectors in the zone = S/R x PT/Z 

Z S/Z: the sum of the' numbers of the sectors of the zones 

(from the first zone to the zone in question) 

LT/G: the number of logical tracks in the revolution group 

A LT/G: the difference In the number of logical tracks 

(LT/G) between the revolution group and the revolution group 

adjacent to and inside of the first-mentioned revolution 

group 

S/G: the number of sectors in the revolution j^roup 

I S/G: the sum of the numbers of soctor.s in the: ro\'c)luKion 
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l^rc>uf)s ( / f'oiii Lh(; f'irsi. r* c! vo 1 ij L i on tvroup to Llic: i* c: \cH u I. i n 

I'oij p in (j u c s L i (^n ) 
I) >- S: th(r (\ \ liur cna: h c I. vv<: cmi t.lic sum o (* l\\a nunilx.'rs o i' \.\\<: 
sectors o (* the zones and Lho sum of* Uhe numbers of soc:Lors 
of Uhe revolution groups = Z S/G - ^L S/Z 

Each revolution group comprises a plurality of sectors. 
Each revolution group corresponds to each zone. The numbers 
of logrical tracks of the respective revolution groups are 
determined such that the sectors belonging to the respective 
revolution groups are substantially equal to the number of 
the sectors in the corresponding zone. As a resulr. the 
starting point and the end point of each revolution group do 
not necessarily coincide with the starting point and the end 
point of the corresponding zone, and there may be some 
offset between them. The deferences (D£ S) in the 
rightmost column in Fig. 5 Indicate such offsets, that Is. 
the numbers of sectors which are not in the correspondlne: 
zone, but In the next zone. The sectors (12 sectors in the 
Illustrated example) which belong to the last revolution 
zone, but are not accommodated in the last zone are formed 
in a spare region, formed inside of the innermost zone. 

The disk with the logical tracks formed as described 
above, Lho ti-ack acl(li*css rind tlic sector address written in 
tlio header fielci of each sector corresponds to tlie lincai' 

2} 
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i.c)i^lc:al ;ul(lrc'ss s i j | j [ ) I i <: ( J f r^oin a hosl. cJcv i c:c^ . I iu? i (M'im 
"1 iiH^ar" wM.h r-(!st)c:c: l. \.<f address incriiis i.lwil i.lur 

a(J(Jt*ossc!s c\rv. rcprdscfi l.od l)y values which nro con s 'mmi L i vc 
inUeg-CM-s. Ac:co rd i n^M y , ihe sector address and the track 
address are deuerrninod ihroug-h simple calculation on 
integers. Althoug-h the number of sectors per revolution 
differs from one zone to another, this need not be taken 
account in the above calculation, 

Moreover, the physical location of the sector on the 
disk can be determined from the logical track address and 
the sector address through simple calculation. 

Embodiment 2 

Another embodiment, Embodiment 2, will next be 
described with reference to Figs. 6 and 7. Fig. 6 
Illustrates a part of the optical disk ot Embodiment 2« and 
Fig, 7 is a table showing a physical track structure of the 
optical disk of Embodiment 2. As illustrated in Fisr* 6, in 
the vici'nity of the boundary of adjacent zones, at least one 
physical track 14, 15 of each of the adjacent zones are 
designated as g-uard tracks, which the user cannot use for 
recording data. In addition, at least one physical track 16 
in each zone is designated as a test track, which the user 
cannot use for recording data. In the illustrated example, 
the innermost physical track in each '/:one Is des i i^na tod as a 



j^uarci Lrack M. an c^ulcrniosL physicral track is d c s i K'twi I. (m1 as 
l\\c. tost, tr-ack IG. anrJ i.ho physical track next la 
outcirinost j^uarc] tracrk If; is dc s i j^aa ted as anothcM* i;-uar(J 
track 15. 

The g-uard tracks 14 and 15 are for avoiding- crosstalk 
near the boundary between the adjacent zones. The g-uard 
tracks are assig-ned addresses independent of the addresses 
of the data recording sectors, and the addresses of the 
guard tracks are beyond the range of the addresses assigned 
to the secrors for recording data. This will ensure that 
the guard tracks are not accessed during recording or 
reading data, and the guard tracks are therefore not used 
for recording data. 

The test track 16 is used for adjustment of the 
recording power. For Instance, when the drive device is 
turned on, test data is recorded on the test track, with a 
^iven recording power, and Is then reproduced, and the error 
occurrence rate is determined. The recording power is then 
varied in accordance with the determined error rate, and the 
recording is again made with the varied recording: power. 
The above process is repeated until the error rate becomes 
sufficiently low. The recording power is thereby optimized. 

Designating the physical track between the guard tracks 
14 and IS In the vicinity of each boundary between zones as 
the tost track 16 is advantageous because, with such an- 

2:\ 



a r r ciM tccMricMi L . (;vcmi wIumi an (ixcessivc^ power' is uscul iOr 
rccordiriK i r) Lhc lusl truck tills doos not nVl'cr.i ihc Lracrks 
used f'or^ record iru^. 

However, any other track may alternatively bo dcsigrnated as 
the test track, as mentioned above. 

The test tracks 16 are asslg-ned addresses independent 
of the addresses of the data recording- sectors, and the 
addresses of the test tracks are beyond the rang-e of the 
addresses assigned to the sectors for recording- data. This 
will ensure that the guard tracks are not accessed during 
recording or reading data, and the guard tracks are 
therefore not used for recording data. 

The tracks other than the guard tracks and the test 
track are used for recording data, and each logical track is 
formed of 17 sectors- The numbers of the logical tracks in 
the respective revolution groups are determined so that the 
difference In the number of the logical tracks between the 
adjacent revolution groups Is a constant value, which In the 
lllustrai;ed example is ••43''. With such an arrangement, the 
number of the logical tracks can be determined through 
simple calculation on integers, and management using a table 
or the like is unnecessary. 

Fig. 7 shows the logical track structure of Embodiment 
2. It is similar to that of Fig. 5. However, the number of 
the physical tracks in each of the zones No. 0 and No. riO is 
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740. which is sairic as the iiuniljcr of ic;j^ic:al ti-£ic:ks in 

each oV l\\r. ot.hcrr zoruis. 

In !■* i 1^ . 7, Lhc rnark.s which nrr. au iJu? i.c)() f)art:s of* Lhc! 
respective columns and which are identical to those in Fiff. 
5 have the same meaning-s as those in Fig. 5. "G + T" in Fig-. 
7 denote the number of sectors in the g-uard tracks and the 
test track in the zone. 

Embodiment 2 has an advantage over Embodiment 1 with 
regrard to the following points: First, in Embodiment 1, the 
end point of the last log^ical track in each revolution ^roup 
does not coincide with the end point of the zone, and some 
sectors are in the next zone, and the number of such sectors 
in the next zone is not constant. In such a case, the 
switching of the clocks must be controlled in the log-ical 
track. It Is therefore necessary to perform management over 
substitution (for -accesslngr the spare sectors In place of 
defect sectors), and the managrement over control related to 
the actual physical arrangement (e.gr.t the switching: of the 
clocks).- Secondly, crosstalks between adjacent tracks may 
occur near the zone boundaries. Thirdly, adjustment of 
power using- a test track cannot be made. Furthermore • there 
is no rule or regularity on the number of logical tracks in 
the respective revolution groups, so that it is necessary to 
provide a table storing the number of iogricaJ tracks in each 
revolution ijroup. and this table needs to bo rc.Varrad to for 
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Lh(? c:cMi vc f s i on from IJic l(;{^lc:al aciiircss Lo Lhc: physical 
add r fiss . 

'V\\K\ lojcicrai t^rack strucLurcj shown in !•* : . 7 sol\c!s XMv. 
problefn discussed above. The logical tracks of eacfi 
revolution are all accommodated in the corresponding- zone. 
Moreover, by the provision of the g-uard tracks, the 
crosstalks at the zone boundary is eliminated. Furthermore, 
the recording- power can be adjusted using- the test track. 
In addition, since the difference in the number of logical 
tracks between adjacent revolution groups is constant, 
conversion from the logical address to the physical address 
can be achieved by simple calculation, and does not require 
a table. 

Embodiment 3 

Another embodiment. Embodiment 3. will next be 
described with reference to Fig. 8. It is similar to 
Embodiment 2, but differs from it in the following respects: 

With t:he format of the log-ical 1:rack of Embodiment 2, 
the number of sectors remaininET in each revolution g-roup 
after assigrning- the required number of tracks for data 
recording- differs from one track to another. As a result, 
it is necessary to record the number of the remaining 
sectors in a table and refer to it in determining the 
physical location. 
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I' i K , 8 shows l.hr: loj^ical Lrac^k s L r* u,<: t. u i" c! for* soIvidk" 
Liu? al)f)Vf: p r'oh I crrn . marks wh I c:h arc at. 1:Ih? I. op i)arl.s of* 

Llio rns\)(*(: \ i v(i crolurrnis arul which arc IdcnLicrril t:o tJiosc? in 
FiK". f) or 7 havo the: sarric rneanin&s as those in I-^ i g- . 5 or 7. 
"DUM" denotes the number of sectors remainingr after 
assigning the lo^ipai tracks. "A DUM" denotes the difference 
in DUM between adjacent zones, and "RES" denotes the sum of 
DUM and G+T. 

As seen from Fig-. 8, the difference in the number of 
the log-ical tracks, LT/G. between adjacent revolution grroups 
is of a constant number, e . g- . , 43. and the three physical 
tracks are reserved for the g-uard tracks and the test track, 
and the number of the remaining- sectors, DUM. is of a 
constant number, e.gr.. "6" in the illustrated example. 
Accordingly, the physical location of the sector can be 
determined through calculation using a formula in which the 
number of the remaining sectors, DUM, is incorporared, and 
it Is not necessary to provide a table storing the number of 
remaining Sectors of the respective revolution groups, which 
were necessary when the number of the remaining sectors 
differ from one revo^lution group to another. 

Embodiment 4 

Anot:hcr cmbocl i men t . LLmbod i men t 4. will next be 
described wi tli reference to Figs. 9 and 10. Thiis embodiment 
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is i den I. i <:a I I-iiiilxxJ i incri I. 2, cxao,p\ Lhal- Lhc: nuinhci' of* Lhc* 

f)hysic:al i. i'ac:l<s per- rcvoluLiori j^ronp and the: nuniber' of l\\c) 
rcvo.luLion tci*oiJi>.s wiUhin Ihc, record iiu^ r-cg-ion of the disk 
differ froin those of lirnbodiment 2. 

The format of the Jo&ical tracks of Embodiment 3 solved 
the problems of Embodiments 1 and 2. and the number of thie 
remaining^ sectors is a positive number, so that the log-ical 
tracks do not bridge adjacent zones. Moreover, the physical 
location of a target sector can be determined through 
calculation on integers, without referring to a table. 
However, the remaining sectors in which no data is recorded 
exist. The capacity of the disk is not fully utilized. 

Figs. 9 and 10 shows logical track structures for 
solving- the above problems of Embodiment 3. Fig. 9 shows a 
case In which each sector consists of 1024 bytes, while Fig. 
10 shows a case in which each sector consists of 512 bytes. 
In each of Figrs. 9 and 10. the total number of sectors in 
each revolution grroup corresponds to an integrer number of 
logrlcal -tracks, and the difference In the number of loerlcal 
tracks between adjacent revolution groups is a constant 
number, which is "176'' In Flff. 9. or "54" In Fiff. 10. 

In the illustrated examples, no guard and test tracks 
are provided. However, they may be provided in the same way 
as in iLinbod I men t 3. 
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iMnb od i in r i L T) 

AnoLhcM* CMiibod i rncMi I- . I Miibcxj I rruMi t. f) , will ruix I. !)f 
closer with rdVcirdiicf: l.o I'lj^s. 11 and 12. In (his 

embodiment:, each sector consists of 1024 bytes. Tho 
structure of the disk is Identical to that shown in Fig-s. 1 
to 3. but the header field of each sector differs from that 
of Fig-. 1. That is. as shown in Fig. 1, it has two header 
sections 4a and 4b. Each of the header sections 4a and 4b 
comprises a track address field 6. a sector address field 5 
and an ID field 21. Identical addresses are recorded in the 
track address fields 6 and the sector address fields 5 in 
the two header sections 4a and 4b. The addresses indicate 
the sector of which the header sections 4a and 4b form a 
part. The identical addresses are written in duplicate in 
order to improve the reliability. A binary "b" is written 
In the ID field 21 in the first header section 4a. and a 
binary is written in the ID field 21 in the second 

header section 4b. The ID field 21 In each header section 
4a or 4tt thereby Identifies the header section. I.e.. 
whether it Is the first header section or the second header 
section in each sector. 

Fig-. 12 shows the logical track structure. The marks 
which are at the top parts of the respective columns and 
which are Identical to those in FIjcs. 5. 7 or 8 have the 
same meanin^^s as those in I'itcs. 5. 7 and 8. "S/i/l"' denotes 



Lhc! nufMhcf of scMM.ors (Mir lojclcal Irfurk. The ;\ f I'a n cmiu: rt I. of 
IIh; Lraclo; as shown is i;^ci ri f a 1 I y j(l(MiLlc:al Lo Lhal of I- i j;- . r> 

(\iff'<w^ ('rc)ni Lhal. of i'lK. i> In lha f o ] I o.v i a j;- r'c? s* [)c?f: I. s : 
First, the number of zones is not 31. as in Fig. 5. buL is 
30. Each zone has 752 physical tracks. Each logical track 
has 2" sectiors. In the illustrated example n = 4 so that 2^ 
= 2"^ = 16 sectors . 

As illustrated in Fig. 11. the track address field 6 is 
formed of 16 bits, and is used to represent an address value 
of from "0** to "22560", and the sector address field 5 is 
formed of 4 bits and is used to represent an address value 
of from "0" to "15". 

As has been described, since the track address is 
represented by 2^ or 16 bits, calculation of the track 
address is easy. 

Embodiment 6 

Another embodiment. Embodiment 6, will next be descried 
with reference to Figs, 13 and 14, Each sector consists of 
1924 bytes, like Embodiment 5. As Illustrated in Figr. 13, 
each of the zones Nos. 0 to 29 comprises 768 physical tracks 
10, and each logrical track consists of 12^. sectors. 
Addresses are written in duplicate. Fig*. 14 shows header 
sections 4a and 4b. The track address 6 Is composed of 16 
bits and is used to represent a value of from "O" to 



I'hc scjcl.of ;ulfJrc?ss fj is composCMl of 7 bits rind is 
us(mJ r- f ^ p r (! s(Mi I a va I uf: of froni " 0 " Lo "127". '\\\(\ ID 

f i (1 is '"oinposcMJ f > f a s i n p;^ I « b I I- aiuJ is usod t.o roprciSCMil. 
"0'* or " 1 " . 

With uhe a rrang-ement of the lo^^ical tracks described 
above, the track address and sector address read from the 
disk correspond directly (as is) to the linear lo&ical 
address from a host device, and the actual track and sector 
addresses can be determined through simple calculation on 
integ-ers. Moreover, any difference in the number of sectors 
per revolution need not be taken account of. 

Embodiment 7 

Another embodiment. Embodiment 7. will next be 
described with reference to Figrs, 15 and 16. This 
embodiment relates to an optical disk drive device, and in 
particular to its operation for accessing^ the targ:et sector 
on an optical disk having been loaded onto the driVe device. 
Flff. 15 shows an optical disk drive device 31 used tor 
writing* in and reading from optical disks, and a host device 
32 connected to the optical disk drive device 31. The 
optical disk 2 is actually loaded In the optical disk device 
31 but is shown to be placed outside the device 31 for the 
sake or con\onicnco of illustration. The host device 32 
fjrovides coininands for writing on or reading from the optical 
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disk , loic<:l.H(M' wiih \.\\(^ d <^ s I iia L i on of* th(» ;i(l<jr'(:ss on o r 
frc^fii which the wr i L i ru^ or r'oadini?: is lo c:on d u c: L ecJ . 'I'hc 

;idd!'<^.ss is ;j linear addross. 

Upcj)ii rceccifjL o/ sue)) a coinrnaiKi . Ihu drive cJevice 3.1 

performs the operation for seeking the track in wiiich the 

sector cor respondinjc to the desigriated address is located. 

The operation for writing and reading" is known, and its 

description is omitted. 

Fig-. 16 shows the seek operation. The driv^e device 31 
first reads the logical track address of the currently- 
accessed track, i.e., the logical track which the read/write 
head of the optical disk drive device is now confronting or 
accessing( 102 ) . Then, on the basis of the track number 
having been read, the zone to which the currently-accessed 
logical track belongs, is identified, that is the zone 
number is determined (104) • Then, the physical location of 
the logical track of which the address has been read is 
determined (106). Then, the linear logical address from the 
host device 32 Is converted Into the logical track address 
(108) • Then, the zone number of the zone to \Yhich the 
target logical track belongs is determined (110). Then, the 
physical location of the target sector is determined (112), 
Then, the number of physical tracks which lie between and 
tho currently-accessed ti-ack and the tar^^ct position, i.e.. 
wliich lia\ci i.o bo l.i*avtu-stMi for the seek operation, is . 

:j2 
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<](? LcMMfi i f kmI , i n l.o cron s i (J<: I'a I. i on l.hc x.oru* nuiiibcf (11^). 

Thcin . t.hc li(?a(i is tuovcd for Iravorsiiu;- Ihc. niJinl)c?r oC 
pliysicr^il i.facks. lliat, i .s (ici term i iiecJ to lie l)(M-\vf?cMi UIh! 
curren t J y-acccssecj track and the targret position (116). T\\o 
above operation is repeated until tlie target track is 
reached (118) . 

When the head arrives at the target track, the 
addresses in the respective sectors are read, to find out 
the targ-et sector. 

Using- the optical disks of the abo\'e embodiments 
exhibit advantages in the above-described seek operation. 
For instance, if a disk of any of Embodiments 1. 2 an 3 is 
used, the conversion at the step 108 is accomplished by 
simple calculation: That is, the logical track address At 
and the logical sector address As are given as the integral 
quotient and the remainder of the division: 

Al/(S/LT) 

wherein S/LT is the number of sectors per logical track, and 
Al is the linear logical address from the host device. 
Accordingly', the table for the conversion of the address is 
not necessary and tlie configuration of the drive device 
and/or the software for i inp lemon t i njc the seek operation is 
s i mp 1 i r i ed . 

a a 
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An add i I. i ona I a(Jv;niLau(^ (^hlaiiicd i (* a djsl-. (i\ 
iMiibod i iiic II I 2 is uscmJ is Lhal. Lh<^. dc Lcmili i na I, i on oi idur y.anc 
iiunibci* a!, l.hc; sLcp 1 O'l and a I. t.lu: si.f;p 110 is inatic usinj; 
/*o 1. I owi fi|4 ra Jail on. sdi i p . 

ZN X {LT/G2|si==o (^'^^/^ZN = 0 ^ LT/G x ZN)}/2 

= 17 X At + (the number of remaining sectors as stored in 

the table ) . 

where LT/G2x = o number of the log'ical tracks in the 

zone No. 0. The table needs only to store the number of the 
remaining- sectors, which are relatively small fig^ures. 
Therefore, the required size of the table is small, and the 
conf ig-uration of the device or the software for implementing 
the seek operation is simplified. 

An additional advantage obtained if a disk of Embodiment 
3 is used is that the determination of the zone number at 
the step 104 and at the step 110 is made usinsr t:he following 
relationship: 

ZN X {LT/G2^f = o ^ (LT/G2KT = o " ^ ^'^^^ ^ ZN)}/2 
= 17 X At 

Tlujs, Lho correction tjsinir tl^e number of rcMnaininjr sectors 
as sLorccJ in the tcibie is not rcquirccj. it is Ll^iereforc not 

:i4 



n (M* (' s s ;i f* > If) fMOV'i (Jc ;i Lab I c Tor l.lu^ cJ cM. c: r in i n <i I. i <> n of 

l.h(r y.()t\(' niun\)f:r h \. l.tic st.c:p ]0A or 110. 

l.unbocJ 1 mefi L 8 

ArjOLfier embod irnen L . limbodimenL 8. Nvill next be 
described with reference to Fig-s. 17 and 18. This 
embodimeni: relates to an optical disk drive device, and in 
particular to its operation for adjusting: the power of the 
laser .beam used for writing-. Such adjustment is conducted 
prior to the actual writing, e.g.. when the drive device is 
turned on. Fig-. 17 is a block diagram showing the function 
of the drive device. As illustrated, the drive device 31, 
which ma^- be connected to a host device as shown in Fig. 15, 
comprises a controller 33 provided with a CPU. a ROM and a 
RAM, a recording- circuit 34, a laser controller 35, a 
read/write head 36 with a built-in semiconductor laser, a 
reproducinsT circuit 37. and an evaluation circuit 38. The 
controller 33 is responsive .to commands from the host device 
32 tor -sending: control signals to various parts of the 
device 31 to conduct the writing: power adjustment. It 
outputs a desig:nation of the initial value of the writing: 
power. The recording- circuit 34 conducts recording- of test 
data responsive to the control si&nals from the controller 

That. is. it provides the test data used for the 
record i iij? for the purpose of power adjustment. The las.cr 



colli. rol |.-r iikmJu I ;j >. JJic (.(?s I. (Ki (..i siippi i (m( f roni Iht! 

r <!c:c) r*<J i n K crircuil :M and suppllf.-s Uic iiiodij I a I.cmI Lcisl. (Ja La L<; 
Lhd rc:afi /wf i \\<tn(\ :Hi , M. scLs the lascM* powcM" Lo Lh.c; 
jfiiLiaJ value d c s j. j^na L cmI by Lhe controJJer :m , The 
read/wricc hiead 36 records the LesL data on the disk 2 with 
the power that is set by the lasei* controller 35. The 
read/write head 36 also reads the test data having- been 
recorded. The reproducing circuit 37 demodulates the test 
data read by the read/write head 36. The evaluation circuit 
38 evaluates the fidelity of the reproduced data with 
respect to the test data output from the recording circuit 
34. That is, it determines the error rate in the reproduced 
data, and evaluates the quality of reproduced data. On the 
basis of the evaluation, the controller 33 varies the set 
value of the writing power. The above described steps are 
repeated to obtain the optimum writing power. 

Fiff. 18 shows the above-described procedure for 
determininer the optimum ivritlng power. First an initial 
value at the writing power is set (202). and the writing is 
conducted with the initial value (204). Then, the test data 
having been written is reproduced (206)- Then, the quality 
of the reproduced data is evaluated (208), If the quality 
Is found satisfactory, tlie process is terminated. If not. 
J udi^cMMcn I is made whether the power is too larjce or too 
small (210). ir the f)Ower is found too lari^e. the sct.V£iluc 
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of* Uhc [)<)\vc.r is icjwcrcMi ('Z\2), If* l-hci ijowcr* is fecund loo 
sirui 1 I . l.hf? scM. vaJuc is raised ( 2 1 'I ) . Then. I.Ik* procross is 
rc^LurfJCMJ La Lhe sLep 204. 'J'Jie above -descr i bed sLeps ar<f 
repeaUed untiJ tlie quality of the reproduced data is found 
sat i sf ac tory . 

Embodiment 9 

Another embodiment. Embodiment 9, will next be 
described with reference to Fig. 19. The structure of the 
disk of this embodiment is grenerally identical to that of 
Embodiment 1. However, as will be detailed below, the 
attributes ^f the zones can be set independently of each 
other. The term "attribute" as used herein refer to an 
indication or designation the type of the recording area, 
l.e,, it indicates whether the area in question is of a 
read/write type» a wrlre-once type or a read-onl3' type. 

Flg^, 19 shows the logrical track structure of the disk 
of this embodiment. Each sector consists of 1024 bytes and 
each logical track consists of 17 sectors. The marks which 
are at the top parts of the respective columns and which are 
identical to those in Figrs, 5. 7, 8 and 12 have the same 
meanlngrs as those in Figs. 5. 7. 8 and 12. "FLT" denotes 
the address of the first logical track in the zone. "LT" 
denotes x.ho luunbors of the lo(?icaJ tracks for roc:ordinj^ 
<lat<i. spare tracks or parity tracks in thie ^c)nc! . "TKS'I'" 

:i7 
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(J(:ftoL<is Lh<: fiurnh<M-s <;/ Lhc Lc;sL t racks i fi Lhc /K^fM- . "rAK" 

clcrioLc:s l.lui nuriihcr-s of tJu! i)arily tracks in Llur /.one. Ihc? 

pariLy tracks arc uscid record parity syiiiho I s when the 

zone is desi^^na tecJ as tlic 0-ROM tyi^c. 

As siiown in Fitj. 19, the recordin^^ reg-ioii is divided 

into 30 zones, zone Nos . 0 to 29. Each zone consists of 748 
physical tracks. The number of the logical tracks in each 
zone can be determined by dividing the number of sectors in 
the zone by 17. The number of the parity tracks varies from 
144 to 86 with the increase of the zone number from 0 to 29. 
the difference between the adjacent zones being two. To 
determine the number of the parity tracks for each zone, it 
is only necessary to decrement by two. Such determination 
can be made by simple calculation on integers, and no table 
need be referred to for this calculation. 

Fig^. 20 shows part of the disk structure management 
table of the disk of Embodiment 9, in which each sector 
comprises 1024 bytes « The disk structure management table 
is provided at the head of the defect management region (at 
the head of the user zone, or at the first sector in the 
first (No. 0) zone. 

The 0-th to 21st bytes in the table are for information 
relating to defect management, and are not directly relevant 
to the invention, so that their illustration ancJ description 
arc omitted. The 22nd to 51st bytes are for i don i: i fy i njc the 



>KM-<* j .s (Ml [KM' l\\<) K/W ( r (!a(i/wr J Li! or r trvvr i La h | (r ) l>pc. i.Ih: 
VVO ( \vr j l.c o/ic.o) tyfx: or the 0-KOM ( I'li 1 J y (MiilK^sscd o)- r(?arJ- 
only) type, as described above, 'Hie value "0 1." in the; row 
of each b>Le indicates Uhat the cor respond i ii^j zone is oC Uhe 
R/W type. ■'02'* in the row of each byte indicates that the 
corresponding- zone is of the 0-ROM type, and "03" in the row 
of each byte indicates that the corresponding* zone is of the 
WO type. between "01". "02" and "03" signifies "or". 

When the disk is of the R/W type, the 22nd to 51st 
bytes are all set_to "01**. When the disk is of the WO t3'pe, 
the 22nd to 51st bytes are all set to "03". When the disk 
is of the 0-ROM type, the 22nd to 51st bytes are all set to 
"02". When the disk is of the P-ROM type (i.e., the disk 
comprises one or more zones of the R/W type and one or more 
zones of rhe O-ROM type), the bytes corresponding^ to the R/W 
type zones are set to ^0L^\ while the bytes corresponding to 
the 0-RO.M type , zones are set to ••02". 

When the disk is of the R/W ^ WO type (i.e., the disk 
comprises one or more zones of the R/W type and one or more 
zones of the WO type), the bytes correspondingr to the R/W 
type zones are set to "01". while the bytes corresponding to 
the WO type xones are set to "03". 

Wlien Lhc disk is of the WO ^ 0-ROM type (i.e.. tlie disk 
comprises oiio or more -/.ones of tlie WO type and one or more 

:J9 



•/.c}n<!S of I h<; (; lv*()M \.y\i* ). I he hyliv. cor i*C} spoiid i n k l.o i.h(» WC) 
l.ypcr /.f;nf:s arc S(!i. l.o '0.5*. svli i I o I lie: by Los c:c; r [• s jx^n cJ i r» Lo 
Uk; Uyi>o zofics arc sc!! to "02". 

When Uho disk is of Lhc U/W ^ WO ^ 0-ROM Lype (i.e., 
the disk comprises one or more zones of the R/W type, one or 
more zones of the WO type, and one or more zones of 0-ROM 
type), the bytes corresponding- to the R/W type zones are set 
to "01" , the bytes corresponding to the WO type zones are 
set to "03, and the bytes corresponding to the O-ROM type 
are set to •*02 " . 

Each zone can be set to any t^-pe independently of other 
zones. 

In the past, only four types of disks, i.e.. the R/W 
type, the WO type, the 0-ROM type and the P-RO.M type, were 
available. Accorciing to the above embodiment, three 
additional types, i.e.. the R/W + WO type, the WO + 0-ROM 
type, and the R/W + WO O-ROM type are available. In all. 
seven zypes are thus available. 

Moreover, in the prior art P-ROM type disk, the disk is 
divided into two parts by a circular boundary line, and the 
zone or zones outside of the boundary line is of one of the 
R/W type and the WO type, and the zone or zones inside of 
the boundary line is of the other of the R/W t3-pe or the O- 
U'OM t-ypc . In contrcist, accord int^ to this embodiment, ca<:h 
of \A\c. zones ann be set to any typo freely. 

AO 



Ancjthc^r (Mnbod i iik: ri L . lunbod i men I 1.0, will nexL be 
described with reference Lo Fig". 21. As described earlier, 
the disk is rotated at a constant ang-ular velocity in use, 
and the frequency of the clocks used .for recording- and 
reading^ is switched depending- on the zone in \vhich the 
read/write head is accessing. Where the disk contains the 
R/W type zone or zones, the WO type zone or zones, and the 
0-ROM type zone or zones, the R/W zone or zones are placed 
in the outermost part of the disk, the O-ROM type zone or 
zones are placed in the innermost part of the disk and the 
WO type zone or zones are placed in the intermediate part of 
the disk, as illustrated in Fig:. 21. The reason is that the 
data transfer rate is hig'her in the more outward zones, so 
that the more outward zones are assl^ed for the type of the 
recording: zones which are more frequently accessed. In the 
above described situation, the R/W type is most frequency 
accessed because three types of operations, i.e., reading:, 
writing: and erasing: operations are performed, so that the 
outermost part of the disk is allocated to the R/W type 
zones. The WO type zone or zones are accessed more 
frequently than the 0-ROM type because the former 
^icld i I i ona I Ly permits tlio writiiiir operation, a.l thouich only 
OMco. The W/O typo zones arc therefore placed more ou-tward 
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l-jnt^oci j ffUM i L 1 1 

Anoulier ernbocJ irnen L . limbod Imen L 11, will next Ijc 
described with reference to Fig^. 22. The disk is basically 
of the same structure as that of the Embodiment 10. but it 
only contains the R/W type zone or zones and the WO type 
zone or zones. The R/W type zone or zones are placed more 
outward than the W/0 type zone or zones, because R/W zones 
are more frequently accessed. 

Embodiment 12 

Another embodiment. Embodiment 12. will next be 
described with reference to Fiff. 23. The disk is basically 
of the same structure as that of the Embodiment 10. but It 
only contains the WO type zone or zones and the 0-ROM type 
zone or zones. The WO type zone or zones are placed more 
outward than the 0-ROM type zone or zones, because the 
former -permits writing operation, although only once* 

Embodiment 13 

Another embodiment. Embodiment 13, will next be 
described with reference to Fie:- 24. This embodiment 
rolaUcs Lc) an optical dlsl< drive rlovico :n wliich alters th(^ 
attributes ol" the /.ones la the inriancr dcisc: ?• i bccJ h<!low.- '\\\a 
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(Iriv<» fJc.v'ico ,'3 1 is cotMicc \.oa\ Lo a liosl (i(^vic:c! Ml hy an 
\t\\.QrV!i(:() such as SCSI. Thf? optical disk 2 is loadrMl i fi I. ho 
drive (If! \' ice :} 1 . hut/ is shewn 1:0 be plac^orJ out. sid(^ ijic* drive 
device 3] for convenience of illustration. 

In this embodiment, the recordinj? regrion is entirely' of 
the R/W tN'pe when fabricated. However, the area denoted as 
"vacant" is initially inaccessible. The drive device 31 has 
the function of altering- the attributes of the zones written 
in the manag-ement table. This function is performed by 
executing" a command A. When the drive device 31 receives 
the command A from the host device 32. the attributes of the 
zones designated by the command A are altered to "WO". At 
the same time, the zones which have been inaccessible are 
altered to accessible R/W zones (as Indicated b^' B). The 
zones having been altered to WO type permits writing of data 
once, and after that the data cannot be altered. That is 
this part is now like ROM type part. The R/W part, which 
have been altered from inaccessible part, now permits 
writing and reading. Thus, a disk having: the same function 
as P-ROM is obtained. 

The alteration of the attributes can be made by the 
user, and the attributes having been altered to WO may be 
returned to R/W. 

An aclvrintago of the disk of this ofrihodimcnt is lower 
cost in SONIC applications. P-i^O|V| disks with their \iOK VHrL 
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f'ofiiictl hy 'Niil JOS snic: n I. is c;x|)CM!slvc^ wluii't! Lhc! mimlMir of Llw. 
(J i sl< prcMlijccfJ at. uhf- saffic L i rric is JidiiKMJ bcicraiist! of* Lhc 
r I r*j I. i vf: J y h i i^li c:osl. of fa I) r i ca 1 1 n Llio orit^inaJ disl^. In 
contrast. Lhc disks formed in the above manner are less 
expensive and yet have the same function as P-I^OM disks 
having- embossed part. 

Embodiment 14 
* — — — ■ 

Another embodiment, Embodiment 14, will next be 
described v.ith reference to Fig. 25. This embodiment also 
relates to an optical disk drive device 31 capable of 
altering- the attributes of the zones. In Embodiment 13, the 
accessible R/w zones are all changed to WO zones. In 
Embodiment 14, the attributes of only such zones which are 
desigrnated b3' a command C are altered, e.g*. , to WO (as 
indicated by d). Such alteration is desired for Instance to 
prevent alteration of data only in certain zones. 

Embodiment 15 

Another embodiment. Embodiment 15, will next be 
described with reference to Fig. 26. This embodiment also 
relates to an optical disk drive device capable of altering 
the attributes of the zones and executing a back-up command - 
Doscr i p tlon oV the parts identical to those I r\ I' i . 24 j s 
omitted. The attributes aC the zones are written in the 
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riwinaf^(MrK!fM l..*ihl(? A\. As i I I u s t r a L cd in I'ij-C. . a I Le l.c^ 

zones fire* cj ci s i rrna L c!fl as I^/W zc^nes arul i n r von i n ^ zones are 
dcs i j^na led as WO zorjos. The total eapacity oV the WO zones 
is about the same as the total capacity of the R/W zones. 

A procedure for control for executing- a back-up command 
is shown in Fig-. 27. First, when the drive device 31 
receives the command from a host device (302), it determines 
whether it is an inquiry on capacity, a read/write commands 
or a back-up command (304). If it is the inquiry, the an 
answer indicating- the capacity of the R/W area is sent to 
the host device (306). If it is the read/write command 
(308), Judg-ement is then made whether the read/write head is 
accessing an R/W area (310), and if the answer is 
affirmative, the command is executed (312). If it is the 
back-up command (314) . a messagre indicating^ that the 
execution of the command Is completed Is sent to the host 
device (316), and the data In the R/W area is copied into 
the WO area (320), when it is found that the host device is 
not accessing*. If necessary, the attributes of the zones 
are altered to "R/W" (318) prior to the copying, and 
returned to "WO" (322) after the copying. In Fig:. 26. the 
back-up command is indicated by E. and the alteration of the 

r 

attributes in the table is indicated by F and H, and the 
copying: of the data is indicated by G. 
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Another (Mnbod i mon l. . I-Jmbod 1 men L 16, will noxl. be 
dcscribecJ. This embodirnenL also relates to an oplical cilsk 
drive device capable of altering- the attributes of the 
zones. The embodiment is similar to Embodiment 15. The 
optical disk 2 permits recording" on both sides or surfaces. 
The drive device 31 has the function of reading: from and 
writing- on both surfaces of the disk without turning- the 
disk 2 upside down. A first surface is entirely an R/W 
area, while a second surface is enrirel3' a WO area. By the 
same procedure shown in Figr- 27, the back-up command is 
executed. That is, responsive to a back-up command (I), the 
attributes of the second surface is altered to R/w (j) , the 
data on the first surface is copied to the second surface 
(K) , and the attributes of the second surface is returned to 
(L) . Because the second surface is returned to WO after the 
copying:, the data having: been copied into the second surface 
Is not destroyed by a device which does not have the 
function of altering: the attribute. 

Embodiment 17 

Another embodiment. Embodiment 17, will next be 
described with reference to Fiffs. 29 and 30. This 

ombodiment also relates to an opt:ir:al disk drive device 31 
capable of altering; the attributes of t:hc zones. 
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Description of Lho fmrLs idcntJcal In Lhosc: in I- i . 2(J nruJ 
28 Js omittcMl. Wlic/i Ihc firlv(! cicivicc 3 1 reccM'vcs a i*esl.orc 
cofnrnaiui (M) from the liosL device 32 (402). J t. sends a 
messag^e back to the host device 32 indicating- the execution 
of the restore command is completed (404). and copies the 
data in the WO area to the R/W area (406) . 

The invention has been described with reference to the 
illustrated embodiments. However, various modifications are 
possible without departing- from the scope of the invention. 
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